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In the present study indoor radon, thoron and their decay products concentrations have
been measured using the newly developed LR-115 type-ІІ based Radon-Thoron discrimi-
nating twin-cup dosimeters with single entry face, direct radon and thoron progeny sen-
sors (DRPS/DTPS) respectively. The annual annihilation dose has been assessed from
measured radionuclide concentration to find out major contributor of lung cancer in the
study area. The measurements have been carried out in NINETY dwellings of THIRTEEN
different villages situated in and around the Tosham region. This region is known to be
composed of acidic volcanic and associated granites. Dwellings were selected mainly tar-
geting different type building material used in construction of houses like concreteebrick,
mud-brick, and mud-thatches along with an idea of different ventilation conditions which
affects the equilibrium factor (EF). The EF in this region has been varying from 0.20 to 0.72
and 0.03e0.13 for indoor radon and thoron respectively. The average inhalation dose
observed in dwellings of different villages varies from 1.33 ± 0.31e3.36 ± 0.72 mSv/y that
lies within the safe limits recommended by ICRP (2011).
Copyright © 2015, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Radon, thoron and their short-lived decay products are the
most significant source of natural ionizing radiation and their
inhalation, contribute to a major fraction (about 50%) of the
natural background radiation dose to humans. Radon (222Rn)
is a noble gas formed from radium (226Ra), which is a decay
product of Uranium (238U) along with the isotopes thoron
(220Rn). Radon gas, which has a half-life of 3.8 days, emanates
from rocks and soils and tends to concentrate in enclosed
spaces like underground mines or houses. In confined spaces. Singh).
gyptian Society of Radiat
iety of Radiation Sciences
cense (http://creativecomsuch as homes, basements and office buildings, radon accu-
mulates to the higher levels and can pose asmajor contributor
to the long-term dose exposure to the human population.
Higher concentration of these gases in indoors is due to the
low pressure inside house than outside which tends to suck in
these radioactive isotopes from the buildingmaterial, soil and
floor through cracks or gaps in thewalls and floor (Sahoo et al.,
2007). Radon itself is not hazardous as it is cleared quickly as it
is absorbed but its daughter elements can be hazardous. As
radon gas is inhaled, densely ionizing alpha particles emitted
by the short-lived decay products of radon (212Po and 214Po)ion Sciences and Applications.
and Applications. Production and hosting by Elsevier B.V. This is an
mons.org/licenses/by-nc-nd/4.0/).
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damage and results into lung cancer (Edling, Wingreen, &
Axelson, 1986; Sevc, Kunz, & Placek, 1976).
Unprotected over-exposure to the radon emitting radium
source and its daughter-contaminated dust aerosols when
inhaled, can damage the cells that line the lungs and lead to
lung cancer (Bochicchio, Forastiere, Abeni, & Rapit, 1998).
However dose to the lung from radon itself is rather low, since
it is an inert gas and does not interact with lung tissue and has
low dose rate per unit lung volume. Somehow equilibrium
factor measurement provides perfect idea of radioactive and
chemically active radon and thoron decay products, which
can be deposited on sensitive lung tissue (Cavallo, 2000). The
world average of annual effective dose to the human by nat-
ural radiation is 2.4 mSv/y and about half of which is due to
internal exposure to progenies of radon and thoron
(UNSCEAR, 2000). The main sources of indoor radon, thoron
and their decay products are the soil-gas, minerals and rocks
in the earth's crust, building material and ground water
(UNSCEAR, 2000). Type of houses, ground soil, ventilation rate,
atmospheric pressure and temperature affects the equilib-
rium factor, which also has a significant role in indoor gas
measurements (Abu-Jarad & Fremlin, 1983).
According to a report by B.P Das (2000), in the Tosham re-
gion of Bhiwani district 1390 patients out of 15,680 patients in
Haryana were reported for cancer treatment in hospitals be-
tween 1st January 1980 and 31st December 2000. Even in a
previous study on indoor radon measurement carried out in
dwellings of this region using bare slide mode technique
(Bajwa, Singh, Singh, Singh, &Walia, 2008), a very high levels
of Indoor Radon and inhalation dose has been observed. So
considering this observation a follow-up study of indoor
radon, thoron and their progeny concentration measure-
ments have been carried out in this region by using advance
techniques developed by Radiological Physics and Advisory
Division, Bhabha Atomic Research Centre.
In the present study, passive measurement technique has
been followed using, LR-115 (type II) detectors in pin-hole cup
dosimeters (Sahoo, Sapra, Kanse, Gaware, &Mayya, 2013) and
Direct Radon/Thoron Progeny Sensors (DRPS/DTPS) (Mishra,
Prajith, Sapra, & Mayya, 2010) in around NINETY dwellings
in THIRTEEN villages. Dwellings were selected according to
the building material along with consideration of ventilation
aspect in study region.Fig. 1 e The schematic diagram of pin-holes based twin
cup dosimeter representing radon and radon þ thoron
chambers.2. Experimental technique
2.1. Pin-hole based twin cup dosimeters
In the present study a new “pin-holes based twin cup dosim-
eter” has been utilized, with single face for entry of radon
(222Rn) and thoron (220Rn) gases from environment. The design
of such dosimeter was possible only because of a newly
developed pin-holes based 222Rn-220Rn discrimination tech-
nique and the associated theory by selecting a suitable cham-
ber volume and dimension of pin-holes, it is possible to cut off
220Rn entry into the chamber volume and allow only 222Rn
(Sahoo et al., 2013). The new design of this dosimeter system
has two compartments separated by a central pin-holes discmade up of HDPEmaterial, acting as 220Rn discriminator. Each
chamber has a length of 4.1 cm and radius of 3.1 cm (same di-
mensions as in the twin cup dosimeter developed by Eappen&
Mayya, 2004). The first compartment (named as
‘radonþ thoron’ chamber) samples ambient air at the entry of
which, the particulates are restricted by using a filter paper.
The air containing radon and thoron from this compartment
diffuses to the second compartment (named as “radon”
chamber) through pin-holes, acting as a diffusion barrier that
cuts off the entry of thoron into this chamber due to its short
half-life (55.6 s). Hence, only radon enters into this compart-
ment. The tracks registered in LR-115placed infirst and second
chamber are corresponding to the radon þ thoron and radon
concentration in the atmosphere respectively. Schematic dia-
gram of the pin-hole dosimeter has been shown in the Fig. 1.
2.2. Direct radon and thoron progeny sensors
For progeny measurements, deposition based direct radon
and thoron progeny sensors (DRPS and DTPS) have been used.
These are made of passive nuclear track detectors (LR-115)
mounted with absorbers of appropriate thickness. For 220Rn
progeny, the absorber is 50 mm aluminized mylar which
selectively detects only 8.78 MeV a-particles emitted from
212Po (thoron progeny); while for 222Rn progeny, the absorber is
a combination of aluminized mylar and cellulose nitrate of
effective thickness 37 mm to detect mainly 7.67 MeV a-parti-
cles emitted from 214Po (radon progeny). DTPS element is
made up of LR-115 (2.5  2.5 cm2) mounted with 50 mm
aluminized mylar to selectively detect only 8.78 MeV a-
Fig. 2 e Direct Radon and Thoron progeny sensors.
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combination comprising of aluminized mylar and cellulose
nitrate with effective thickness of 37 mm to detect mainly
7.67 MeV a-particles from 214Po (Mishra, Mayya, & Kushwaha,
2009). The basic principle of operation of these sensors is that
the LR115 detector detects the alpha particles emitted from
the deposited progeny atoms (Leung, Nikezic, & Zu, 2006;
Mishra & Mayya, 2008) shown in Fig 2.3. Methodology
The peliculable LR-115 type-II plastic track detectors (SSNTDs)
have been deployed in the pin-holes based twin cup dosimeter
and DTPS, DRPS for indoor radon, thoron and their progeny
measurements in the Ninety dwellings of 13 different villages
of Tosham region, Bhiwani district, Haryana (Fig. 3) from 10
July 2013 to 15 July 2014. To study seasonal variation pattern of
indoor emanation, whole year has been divided into four
sessions of threemonths each covers the rainy, winter, spring
and summer seasons. The GPS co-ordinates have also been
recorded for each dwelling inwhich dosimeterswere installed
for proper location assessments. These newly develop do-
simeters were installed in different 6-8 dwellings of each
village on the ground floor. The dwellings in each village were
selected on the bases of buildingmaterial like bricks, mud and
concrete, which has manufacture origin from surrounding
available raw material resources present in study area.
After three months of exposure in dwellings, the detectors
were removed and subjected to chemical etching in 2.5 N
NaOH solutions at 60 C for 90 minutes in a constant tem-
perature bath. Then these films were washed and dried. The
track density was obtained by using the standard spark
counter (Model PSI-SC1) with operating voltage (550 V) as well
as the pre-sparking voltage (900 V) of the spark counter, which
has been established prior to these measurements.
The tracks recorded in the exposed LR115 film is related to
Equilibrium Equivalent Progeny Concentration (EEC) using the
sensitivity factor. The number of tracks per unit area per unittime (T) can be correlated to the Equilibrium Equivalent
Progeny Concentration (EEC) in air using the Sensitivity factor
(S) (Mishra & Mayya, 2008).
EEC

Bq$m3
 ¼ TTracks$cm2$d1STracks$cm2$d1

EEC

Bq$m3
 (1)
The radon (Cr) and thoron (Ct) concentration in the filter
compartment and the pinholes compartment respectively
was calculated by using formulae given as:
CrðRadon conc:Þ ¼ T1=ðD$krÞ (2)
CtðThoron conc:Þ ¼ ðT2  D$CrkrÞ=ðD$ktÞ (3)
where T1 and T2 represents track density of radon and thoron
respectively, D represents the number of days, kr
(0.0170 ± 0.002 tr. Cm2per Bq.d.m3) and kt (0.010 ±
0.001 tr. cm2per Bq.d.m3) are the calibration factors of radon
and thoron in ‘radonþ thoron’ compartment (Sahoo et al., 2013).3.1. Inhalation dose calculations
Total Inhalation effective Dose of radon (TIDr) and thoron
along with their progeny has been calculated by using, the
conversion factors for Radon concentration (Cr), Thoron con-
centration (Ct), EECr and EECt are 0.17, 0.11, 9 and
40 nSvBq1 h1 m3 respectively as recommended by United
Nations Scientific Committee on the Effect of Atomic Radia-
tion represented in equations (Mayya, Eappen, & Nambi, 1998;
UNCEAR, 2008).
TIDr

mSvy1
 ¼ ½ðCr  0:17Þ þ ðEECr  9Þ  8760 0:8 106
(4)
TIDt

mSvy1
 ¼ ½ðCt  0:11Þ þ ðEECt  40Þ  8760 0:8 106
(5)
The conversion factor values lies between dosimetric and
epidemiological dose. The occupancy factor has been
Fig. 3 e Map showing 13 selected villages for indoor radon, thoron and progeny study of Bhiwani District, Haryana.
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duration of one year inside the houses (Mayya et al., 1998).
3.2. Equilibrium factor
The equilibrium factor (EF) is the measure of the degree of
radioactive equilibrium between radon, thoron and its short-
lived radioactive decay products, which is assumed to be 0.4
for radon and 0.1 for thoron risk assessment (ICRP, 2011;
UNSCEAR, 1999). For the present study it has been calculated
by dividing the progeny to their concentration (Kumar et al.,
2012; Swedjemark, 1983).4. Geology of the study area
The need of such measurements and their importance arises
because of the geological characteristics and presence of
protruding acid volcanic and granitic solid structures in plain
land near Tosham and surrounding villages of this region.
Tosham lies 160 KmWNW of Delhi (N 2857.3720, E 7554.7950)
has attracted a lot of geological interest because its lithog-
raphy consists of various rock formation such as felsite,
granite and schist exposed in the area and correlated its acid
volcanic and granites, with the Malani suite of igneous rocks
ofW. Rajasthan. The details regarding the geological setting of
Tosham ring complex and about geochemistry of acid volca-
nic and granitic rocks is given by Kochhar (1983).5. Results and discussion
The indoor radon, thoron and their progeny concentrations
have been calculated in a wide range of 91 dwellings situated
in 13 different villages of Tosham region of Haryana for 4different quarters of 3 months each as per the seasonal
change from July 12eJuly 2013. In each village, 6 to 8 dwellings
were selected according to the housing distribution and their
building material (manufactured by using raw material taken
from study area) to cover the wide spread area along with the
seasonal variation. The observed annual average concentra-
tion of indoor radon, thoron and their progeny concentrations
in each village have been tabulated in Table 1. The observed
annual average concentration of indoor radon in the dwellings
has been varying from 37 ± 18 Bq/m3 to 80 ± 28 Bq/m3 and the
annual indoor thoron emanation in the dwellings found
average in the range of 53 ± 32 Bq/m3 to 80 ± 16 Bq/m3, which
is slightly higher than the indoor radon level emanation but
lies within the reference level of 300 Bq/m3 (ICRP, 1993). The
reason behind the higher average thoron concentrationmight
be due to use of raw material from the surrounding thorium
rich soil for building constructions in the study region
resulting into more thoron emanation. The average indoor
progeny concentration of radon and thoron lies within 17 Bq/
m3 and 3 Bq/m3 respectively which is under the safe limits
recommended by (ICRP, 1993) in the dwellings of the region.5.1. Seasonal variation
The seasonal variation in indoor radon and thoron concen-
tration is shown in Fig. 4. It can be observed form the figure
that the indoor radon and thoron gas concentration is higher
in winter season than rainy, summer and spring seasons of
same year which may be due to poor ventilation conditions
that build more radon and thoron gas in closed houses during
winter. The concentration of these gases in indoor builds up
due to the low pressure inside house than outside, which
tends to suck in radioactive isotopes from the building ma-
terial, soil and floor through cracks or gaps in walls and floor
(Sahoo et al., 2007). The concentration of indoor radon and
Table 1 e Annual average indoor radon, thoron and their progeny concentration and inhalation dose of different villages around Tosham, Haryana.
Name of the
village(map) (no.
dwellings)
GPS co-
ordinates
Radon
conc.
(Bqm3)
Thoron
conc.
(Bqm3)
Radon progeny
(214Po) conc. (Bqm3)
Thoron progeny
(212Po) conc. (Bqm3)
Radon inhalation
dose (mSv/y)
Thoron inhalation
dose (mSv/y)
Total inhalation
dose (mSv/y)
EF
radon
EF
thoron
Tosham1(8) N 2857.3720
E 7554.7950
52 ± 18 58 ± 16 15 ± 4 2 ± 1 1 ± 0.5 0.72 ± 0.4 1.73 ± 0.9 0.29 0.03
Diva-Vas2(6) N 2852.1640
E 7554.7600
75 ± 41 53 ± 32 15 ± 7 4 ± 2 1.04 ± 0.21 1.36 ± 1.01 2.44 ± 1.20 0.2 0.08
Naigaoun3(7) N 2850.1220
E 7554.7830
46 ± 16 57 ± 13 12 ± 2.13 2 ± 0.6 0.82 ± 0.14 0.51 ± 0.19 1.33 ± 0.31 0.26 0.04
Duledhi4(6) N 2848.3210
E 7554.2800
80 ± 28 56 ± 36 21 ± 12 7 ± 1.6 1.41 ± 0.76 1.95 ± 0.42 3.36 ± 0.72 0.26 0.13
Nigana Kalan5(8) N 2846.6260
E 7556.3650
47 ± 22 49 ± 11 12 ± 1.01 2 ± 0.58 0.78 ± 0.10 0.75 ± 0.39 1.53 ± 0.39 0.26 0.04
Saral6(7) N 2847.3010
E 7551.0780
46 ± 28 57 ± 15 19 ± 5 3 ± 0.92 1.24 ± 0.37 0.77 ± 0.26 2.01 ± 0.60 0.41 0.05
Riwasa Didwin7(6) N 2848.0930
E 7557.6070
57 ± 10 56 ± 15 12 ± 2 2 ± 0.6 0.87 ± 0.18 0.63 ± 0.20 1.5 ± 0.39 0.21 0.04
Riwasa Kalan8(7) N 2847.9890
E 7557.5770
25 ± 7 67 ± 14 18 ± 6 2 ± 0.8 1.14 ± 0.24 0.56 ± 0.16 1.71 ± 0.37 0.72 0.03
Khanak9(8) N 2854.5230
E 7552.0130
47 ± 24 56 ± 19 19 ± 6 2 ± 0.4 1.26 ± 0.42 0.5 ± 0.10 1.67 ± 0.50 0.4 0.04
Dadam10(7) N 2851.9210
E 7550.6590
44 ± 9 69 ± 27 19 ± 4 2 ± 0.9 1.23 ± 0.27 0.7 ± 0.30 1.93 ± 0.57 0.43 0.03
Nigana Khurd11(7) N 2846.7280
E 7556.2540
37 ± 18 80 ± 16 16 ± 10 2 ± 0.4 1.05 ± 0.68 0.64 ± 0.12 1.74 ± 0.80 0.43 0.03
Baganwala12(6) N 2852.4170
E 7553.1690
47 ± 37 58 ± 21 16 ± 7 3 ± 1.71 1.06 ± 0.49 0.76 ± 0.50 1.79 ± 0.95 0.34 0.05
Jahauri13(8) N 2846.9380
E 7552.6650
53 ± 25 55 ± 23 23 ± 8 3 ± 1.4 1.53 ± 0.51 0.77 ± 0.42 2.3 ± 0.93 0.43 0.05
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Fig. 4 e The seasonal variation of average indoor radon and
thoron concentration.
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also observed that in all the seasons except winter, the thoron
concentration is higher than radon concentration. Reason of
these elevated levels of thoron in the dwellings of this region
may be due to various factors like use of thorium rich building
material for construction of houses and local crushing units
for the manufacture of building material from available
granitic and felsite rocks.
On the other hand in winter the thoron concentration was
observed less than radon, which may be due to short life span
of thoron, which could not build up in closed room as radon
can.5.2. Inhalation dose
The frequency distribution of total inhalation dose variation
in dwellings of this region has been given in Fig. 5. It has been
observed that the residents of 27 out of 90 houses are exposedFig. 5 e Frequency distribution graph of total inhalation
dose in the 91 dwellings of Tosham region Haryana.to the total inhalation dose limit of 1.51e2.50 mSv/y whereas
26 out of 90 possesses less total inhalation dose then
1.51e2.50 mSv/y. Rest 24% house's residents were exposed to
the total inhalation dose in range of 2.51e3.50 mSv/y. It has
also been found that these 24% dwellings with higher inha-
lation dose were constructed in 1970e1985 by the use of build
material collected from protruding mountains in plains near
their villages. But overall observed dose are still lying within
the reference level as recommended by ICRP (2011).
Table 1, also shows the average annual inhalation dose
exposure of radon and thoron varies from 0.78 ± 0.10 to
1.53 ± 0.51 mSv/y and 0.50 ± 0.10 to 1.95 ± 0.42 mSv/y
respectively, which have been calculated by considering the
contribution of their progenies. Total 52% of inhalation dose
amounted by natural resources of these isotopes (ICRP, 2011;
UNCEAR, 2008). The observed estimated annual exposure of
total inhalation dose varies from 1.33 ± 0.31 to 2.44 ± 1.20mSv/
y to the resident of the different villages lieswithin the vicinity
of Tosham ring complex, come under permissible limits of the
latest recommendations by ICRP (2011).
In the present study, villages were selected on indoor
radon data reported in earlier studies done by (Bajwa, Singh,
Singh, & Singh, 2009; Bajwa et al., 2008). For inter-
comparison of indoor radon study we have used newly
developed pin-hole cup dosimeters in the dwelling of selected
villages. The annual average concentration of indoor radon
obtained by latest technique and the annual average indoor
radon concentration reported earlier by using bare slide mode
technique are shown in Fig. 6. From this study it has been
observed that the concentrations measured by pin-hole
dosimeter are far less than the earlier reported data which
was based on bare slide mode. As annual average radon
concentration measured in present study varies from
37 ± 18 Bq/m3 to 80 ± 28 Bq/m3 whereas annual average of
previous study varies from 157.2 ± 85 Bq/m3 to 915.2 ± 113 Bq/
m3. The higher reported values of indoor radon concentra-
tions in bare mode study were mainly due to interference of
thoron and its decay products in the environment, which has
been separately shown in this study by using newly developed
technique for detection of different radionuclides. Therefore,
from results it has been concluded that indoor radon, thoron
and their progeny (212Po, 214Po) are not the major cause of
cancer in the study area.
5.3. Equilibrium factor (EF)
The radioactive equilibrium factor (EF) between radon and
EERC of 214Po (radon progeny concentration) along with
thoron and EETC of 212Po (thoron progeny concentration) are
also given in Table 1, shows the 214Po and 212Po concentration
varies from 0.20 to 0.72 and 0.03e0.13 respectively, which lie
within the reference safe limits recommended by ICRP. Fig. 7
depicts the graphical representation of the variation in equi-
librium factor of Indoor Radon and thoron. The equilibrium
factor for radon was observed higher in villages such as
Riwasa, Khanak, Dadam, Nigana Khurd, Baganwala and
Jahauri, it might be due to presence ofmore rocky granitic and
volcanic protruding mountains in plains near these villages
and suggest presence of radon emitting source in these rocks
along with building material.
Fig. 6 e Comparison of old and new observation in same villages of Tosham region, Haryana.
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1. The annual average indoor radon, thoron and their prog-
eny concentration observed in the dwellings of study re-
gion found under the safe limits recommended by ICRP,
1993 and ICRP, 2011.
2. The total annual inhalation dose due to combined effect of
radon, thoron and their progeny concentrations variesFig. 7 e The variation of indoor radofrom 1.33± 0.31 to 2.44± 1.20mSv/y and lieswithin the safe
limits as recommended by the UNSCEAR, 2000.
3. The equilibrium factor of radon and thoron varies from
0.20 to 0.72 and 0.03e0.13 respectively and lie within safe
limits.
4. Winter season shows higher values of radon and thoron
concentrations than the summer and spring seasons.
5. Thoron levels are slightly higher as compared to radon gas
concentration in majority of dwellings in this region.n and thoron equilibrium factor.
J o u rn a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 8 ( 2 0 1 5 ) 2 2 6e2 3 3 2336. From this complete study it has been concluded that in-
door radon, thoron and progenymight not themajor cause
of cancer in this region.
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